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(54) CURRENT ADJUSTING APPARATUS AND CURRENT ADJUSTING METHOD 



(57) A direction and a magnitude of a current flowing 
between an external alternating current power source 
(20) and a load (30) are detected by a current transform- 
er (11). A voltage generated to a secondary winding 
(11 B) of the current transformer as a result of detection 
is superimposed upon a voltage of the alternating cur- 
rent power source (20), and is supplied to the synchro- 
nous power source (S). The synchronous power source 



(S) generates a voltage having an instantaneous value 
which is the same as that of the voltage supplied thereto, 
and applies the generated voltage to the load (30) in par- 
allel. Since the voltage applied by the synchronous pow- 
er source (S) has a value for lowering the current de- 
tected by the current transformer (11), there is substan- 
tially no current flowing between the alternating current 
power source (20) and the load (30). 
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Description 

Technical Field 

[0001] The present invention relates to a current reg- 5 
ulator and a current regulation method, and particularly 
relates to a current regulator and a current regulation 
method which regulate a current supplied from a power 
source to a load. 

Background Art 

[0002] Generally, commercial electricity supplied by 
power supply service providers is alternating current 
electricity. Alternating current electricity is used for driv- 
ing a load having various electric characteristics. 
[0003] Recently, otherthan commercial electricity, pri- 
vate electricity generators have been used as private 
power sources. Also, electricity sales have been started. 
In electricity sales, one supplies electricity generated by 
a private power source to existing commercial electric 
power systems, and charges for the supplied electricity. 
[0004] When practicing electricity sales, there is a 
problem that an inflow of a power flow occurs from the 
private electricity generator to the commercial electric 
power system (i.e., a reverse power flow occurs). A re- 
verse power flow causes unfavorable influence on de- 
vices driven by the commercial electricity. Further, an 
integrating wattmeter may not function properly due to 
a reverse power flow. If the integrating wattmeter mal- 
functions, the electricity seller cannot receive correct 
charges for the electricity. 

[0005] As a method of preventing a reverse power 
flow, there has been a method of slightly changing the 
frequency of an alternating current voltage generated 
by a private electricity generator, monitoring changes of 
an alternating current, and determining the existence of 
a reverse power flow in accordance with the monitoring 
result. 

[0006] However, according to this method, the struc- 40 
ture of a private electricity generator becomes compli- 
cated. Further, according to this method, a load to be 
driven by commercial electricity will be supplied with an 
alternating current voltage having a complicated wave- 
form. Because of this, electricity cannot be supplied to 45 
this load efficiently (that is, the power factor falls). Fur- 
thermore, according to this method, other unfavorable 
influences may be caused on operations of the load. 

Disclosure of Invention so 

[0007] The present invention was made in view of the 
above circumstances, and it is an object of the present 
invention to provide a current regulator and a current 
regulation method capable of preventing occurrence of 55 
a reverse power flow with a simple structure. 
[0008] And it is anothe r object of the present invention 
to provide a current regulator and a current regulation 
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method for efficiently supplying electricity to a load (that 
is, for improving power factor). 

[0009] To accomplish the above objects, a current 
regulator according to a first aspect of the present in- 
vention comprises: 

a current detection circuit (11) which detects a di- 
rection and a magnitude of a current flowing be- 
tween an external alternating current power source 
and an external load; and 

a correction voltage application circuit (S, 11, 16) 
which generates a correction voltage having a value 
for lowering the current detected by the current de- 
tection circuit, and applies the correction voltage 
between both terminals of a current path including 
the load. 

[0010] According to such a current regulator, a current 
flowing between an alternating current power source 
and a load is canceled by application of a correction volt- 
age to a current path including the load, and an electric- 
ity is efficiently supplied to the load while occurrence of 
a reverse power flow is prevented with a simple struc- 
ture. 

[0011] The current detection circuit may comprise a 
circuit (11 B) which generates a detection voltage having 
a polarity and magnitude which represent the direction 
and voltage of the detected current. 
[0012] In this case, the correction voltage application 
circuit may apply the correction voltage by comprising: 

a correction alternating current voltage generation 
circuit (12, 16) which obtains a correction alternat- 
ing current voltage having a phase substantially 
equal to that of an alternating current voltage gen- 
erated by the alternating current power source; and 
a correction voltage generation circuit (11 B, 12) 
which superimposes the correction alternating cur- 
rent voltage and the detection voltage, and gener- 
ates the correction voltage having a value deter- 
mined by a voltage obtained by the superimposing, 
by converting a correction electricity supplied by a 
correction power source which does not substan- 
tially consume an electricity supplied by the alter- 
nating current power source. 

[0013] The correction power source may comprise a 
secondary battery (13). 

[0014] In this case, if the correction voltage applica- 
tion circuit comprises a circuit (12) which rectifies an' 
electricity caused by a power flow when the power flow 
flows in from outside to a node which generates the cor- 
rection voltage, and charges the secondary battery with 
a direct current electricity obtained by the rectifying, ex- 
cess electricity is charged, and utilization of electricity 
becomes more efficient. 

[0015] If the current regulator comprises a charge 
forcing circuit (R1 , R2, RY1 , 1 5) which lowers the cor- 
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rection voltage by dividing the voltage obtained by su- 
perimposing the correction alternating current voltage 
and the detection voltage, and forces a power flow to 
flow in from outside to the node which generates the cor- 
rection voltage, charging of the secondary battery is se- 5 
curely performed. 

[0016] The charge forcing circuit may lower the cor- 
rection voltage, and force a power flow to flow in from 
outside to the node which generates the correction volt- 
age by, for example, comprising: w 

a control circuit (15) which determines whether or 
not a predetermined condition has come, and when 
determining that the condition has come, outputs a 
signal for notifying that charging will be performed; 15 
and 

a voltage dividing circuit (R1, R2, RY1) which ob- 
tains the signal output by the control circuit, and in 
response to the signal, divides the voltage obtained 
by superimposing the correction alternating current 20 
voltage and the detection voltage. 

[0017] If the current regulator comprises a powerfail- 
ure monitor circuit (17, RY2) which determines whether 
or not a power failure occurs in the alternating current 25 
power source, and when determining that a power fail- 
ure occurs, cuts off the node which generates the cor- 
rection voltage from the load and the alternating current 
power source, abrupt consumption of the secondary 
battery can be avoided. And if the secondary battery 30 
supplies electricity to the external load even after the 
node which generates the correction voltage is cut off 
from the alternating current power source, this external 
load can be supplied with electricity even if a powerfail- 
ure occurs in the alternating current power source. 35 
[0018] The power failure monitor circuit may com- 
prise: 

a determination circuit (17) which determines 
whether or not a power failure occurs in the alter- 40 
nating current power source based on a voltage of 
a connection point of the load and the current de- 
tection circuit, and when determining that a power 
failure occurs, outputs a signal for notifying the pow- 
er failure; and 45 
a current path (RY2) which obtains the signal output 
by the determination circuit, and in response to the 
signal, cuts off the node which generates the cor- 
rection voltage from the load and the alternating 
current power source. 50 

[001 9] If the current regulator comprises a circuit (1 8) 
which generates a direct current electricity by generat- 
ing an electricity, and charges the secondary battery 
with the direct current electricity, generation of the cor- 55 
rection voltage becomes more efficient. 
[0020] The correction alternating current voltage gen- 
eration circuit may generate the correction alternating 
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current voltage without substantially consuming an elec- 
tricity supplied by the alternating current power source. 
[0021] In this case, when a power failure occurs in the 
alternating current power source, if the correction alter- 
nating current voltage generation means generates as 
the correction alternating current voltage, a voltage hav- 
ing a phase substantially equal to that of an alternating 
current voltage which has been generated by the alter- 
nating current power source before the power failure oc- 
curs, the correction voltage is continuously generated 
even in case of a power failure. Therefore, by application 
of the correction voltage to the external load, this load 
can be driven even in a case where a power failure oc- 
curs. 

[0022] The current detection circuit may comprise, for 
example, a transformer (11) which comprises: 

a primary winding (11A) which is connected be- 
tween the alternating current power source and the 
load; and 

a secondary winding (1 1 B) which is inductively cou- 
pled to the primary winding. 

[0023] A current regulation method according to a 
second aspect of the present invention comprises: 

detecting (1 1 ) a direction and a magnitude of a cur- 
rent flowing between an external alternating current 
power source and an external load; and 
generating a correction voltage having a value for 
lowering the detected current, and applying the cor- 
rection voltage between both terminals of a current 
path including the load (S, 11 , 1 6). 

[0024] According to such a current regulation method, 
a current flowing between an alternating current power 
source and a load is canceled by application of a cor- 
rection voltage to a current path including the load : and 
an electricity is efficiently supplied to the load while oc- 
currence of a reverse power flow is prevented with a 
simple structure. 

[0025] The current regulation method may comprise 
generating (11 B) a detection voltage having a polarity 
and magnitude which represent the direction and mag- 
nitude of the detected current. 

[0026] In this case, the current regulation method may 
apply the correction voltage by: 

obtaining (12, 16) a correction alternating current 
voltage having a phase which is substantially the 
same as that of an alternating current voltage gen- 
erated by the alternating current power source; and 
superimposing the correction alternating current 
voltage and the detection voltage, and generating 
the correction voltage having a value determined by 
a voltage obtained by the superimposing, by con- 
verting a correction electricity supplied by a correc- 
tion power source which does not substantially con- 
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sume an electricity supplied by the alternating cur- 
rent power source (11 B, 12). 

[0027] The correction power source may be supplied 
from a secondary battery (13). 

[0028] In this case, if the method comprises rectifying 
an electricity caused by a power flow when the power 
flow flows in from outside to a node which generates the 
correction voltage, and charging the secondary battery 
with a direct current electricity obtained by the rectifying 
(1 2), excess electricity is charged, and utilization of elec- 
tricity becomes more efficient. 

[0029] If the current regulation method comprises 
lowering the correction voltage by dividing the voltage 
obtained by superimposing the correction alternating 
current voltage and the detection voltage, and forcing a 
powerf low to flow in from outside to the node which gen- 
erates the correction voltage (R1 , R2, RY1 , 15), charg- 
ing of the secondary battery is securely performed. 
[0030] Specifically, the current regulation method 
may lower the correction voltage, and force a power flow 
to flow in from outside to the node which generates the 
correction voltage by: 

determining whether or not a predetermined condi- 
tion has come, and when determining that the con- 
dition has come, outputting a signal for notifying that 
charging will be performed (15); and 
obtaining the signal for notifying that charging will 
be performed, and in response to the signal, divid- 
ing the voltage obtained by superimposing the cor- 
rection alternating current voltage and the detection 
voltage (R1, R2, RY1). 

[0031] If the current regulation method may comprise 
determining whether or not a power failure occurs in the 
alternating current power source, and when determining 
that a power failure occurs, cutting off the node which 
generates the correction voltage from the load and the 
alternating current power source (1 7, RY2), abrupt con- 
sumption of the secondary battery can be avoided. And 
if the secondary battery supplies electricity to the exter- 
nal load even after the node which generates the cor- 
rection voltage is cut off from the alternating current 
power source, this external load can be supplied with 
electricity even if a power failure occurs in the alternating 
current power source. 

[0032] Specifically, the current regulation method 
may comprise, for example: 

determining whether or not a power failure occurs 
in the alternating current power source based on a 
voltage of a connection point of the load and the 
current detection circuit, and when determining that 
a power flow occurs, outputting a signal for notifying 
the power failure (17); and 

obtaining the signal for notifying the power failure, 
and in response to the signal, cutting off the node 



which generates the correction voltage from the 
load and the alternating current power source 
(RY2). 

5 [0033] If the current regulation method comprises 
generating a direct current electricity by generating an 
electricity, and charging the secondary battery with the 
direct current electricity (18), generation of the correc- 
tion voltage becomes more efficient. 

10 [0034] The current regulation method may comprise 
generating the correction alternating current voltage 
without substantially consuming an electricity supplied 
by the alternating current power source. 
[0035] In this case, when a power failure occurs in the 

15 alternating current power source, if the current regula- 
tion method comprises generating as the correction al- 
ternating current voltage, a voltage having a phase sub- 
stantially equal to that of an alternating current voltage 
which has been generated by the alternating current 

20 power source before the power source occurs, the cor- 
rection voltage is continuously generated even in case 
of a power failure. Therefore, by application of the cor- 
rection voltage to the external load, this load can be driv- 
en even in a case where a power failure occurs. 

25 [0036] The detecting a direction and a magnitude of 
a current flowing between the alternating current power 
source and the load may be performed based on a sig- 
nal which is generated by a secondary winding (11B) 
included in a transformer (11) which comprises a prima- 

30 ry winding (11 A) which is connected between the alter- 
nating current power source and the load, and the sec- 
ondary winding which is inductively coupled to the pri- 
mary winding. 

35 Brief Description of Drawings 

[0037] 

FIG. 1 is a block diagram showing a structure of a 
40 current regulator according to an embodiment of the 
present invention. 

FIG. 2 is a block diagram showing a structure of an 
example of modification of the current regulator 
shown in FIG. 1. 
45 FIG. 3 is a block diagram showing a structure of an 
example of modification of the current regulator 
shown in FIG. 2. 

FIG. 4 is a block diagram showing a structure of an 
example of modification of the current regulator 
so shown in FIG. 2. 

Best Mode for Carrying Out the Invention 

[0038] A current regulator and a current regulation 
55 method according to an embodiment of the present in- 
vention will now be explained below with reference to 
the drawings, and by employing a current regulator as 
an example. 
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[0039] FIG. 1 is a block diagram showing the structure 
of a current regulator according to the embodiment of 
the present invention. 

[0040] As illustrated, this current regulator 10 com- 
prises a current transformer 1 1 , a resistor R1 , and a syn- 5 
chronous power source S. 

[0041 ] The current transformer 1 1 comprises a prima- 
ry winding 11 A and a secondary winding 11B. The pri- 
mary winding 11 A and the secondary winding 11 B are 
inductively coupled to each other. One terminal of the 10 
primary winding 1 1 A is connected to one of a pair of ter- 
minals of a commercial power source 20 which gener- 
ates a single-phase AC (alternating current) voltage. 
The other terminal of the primary winding 11 A is con- 
nected to one of a pair of terminals of an external load is 
30, and to a later-described AC input/output terminal 
ACIO of the synchronous power source S. The other 
one of the pair of terminals of the commercial power 
source 20 and the other one of the pair of terminals of 
the load 30 are both grounded. 20 
[0042] One terminal of the secondary winding 1 1 B is 
connected to the connection point of the commercial 
power source 20 and the primary winding 1 1 A. The other 
terminal of the secondary winding 11 B is connected to 
a synchronous input terminal of the synchronous power 25 
source S. The resistor R1 is connected between the 
both terminals of the secondary winding 11 B. 
[0043] It should be noted that when an alternating cur- 
rent flows through the primary winding 1 1 A, and thereby 
a voltage of the terminal out of the both terminals of the 30 
primary winding 1 1 A that is connected to the commercial 
power source 20 becomes positive polarity with respect 
to the other terminal, such a voltage is induced to the 
secondary winding 1 1 B that the terminal out of the both 
terminals of the secondary winding 1 1 B that is connect- 35 
ed to the synchronous power source S becomes posi- 
tive polarity with respect to the other terminal. 
[0044] The synchronous power source S comprises 
the synchronous input terminal SYNC1 , the AC input/ 
output terminal ACIO, and a ground terminal GND. The 40 
synchronous power source S generates to the AC input/ 
output terminal ACIO, a voltage having an instantane- 
ous value substantially the same as an instantaneous 
value of a voltage which is applied to the synchronous 
input terminal SYNC1 . 45 
[0045] It should be noted that the synchronous power 
source S buffers the voltage supplied to the synchro- 
nous input terminal SYNC1. That is, the synchronous 
power source S does not substantially consume the 
electricity supplied to the synchronous input terminal so 
SYNC1 , but supplies electricity to the AC input/output 
terminal ACIO from an external power source other than 
the commercial power source 20, or from a power 
source included in the synchronous power source S. 
[0046] The synchronous input terminal SYNC1 of the 55 
synchronous power source S is connected to the one 
out of the both terminals of the secondary winding 1 1 B 
that is not connected to the commercial power source 



20, as described above. The AC input/output terminal 
ACIO is connected to the connection point of the primary 
winding 1 1 A and the load 30. 

[0047] Next, an operation of the current regulator 10 
for regulating a current flowing from the commercial 
power source 20 to the load 30 will be explained. 
[0048] When the commercial power source 20 gener- 
ates a single-phase AC voltage, a current flows between 
the commercial power source 20 and the load 30 via the 
primary winding 11 A. As a result, an AC voltage is in- 
duced to the secondary winding 1 1 B. And such a voltage 
is applied to the synchronous input terminal SYNC1 of 
the synchronous power source S as equal to a super- 
imposed voltage made of the voltage between the both 
terminals of the secondary winding 1 1 B, and the voltage 
generated by the commercial power source 20. 
[0049] Let it be assumed that an instantaneous value 
of the AC voltage generated by the commercial power 
source 20 becomes higher than an instantaneous value 
of a voltage of the connection point of the AC input/out- 
put terminal ACIO of the synchronous power source S 
and the current transformer 11 . At this instant, an elec- 
tromotive force which is in a direction in which the volt- 
age to be applied to the synchronous input terminal 
SYNC1 of the synchronous power source S becomes 
higherthan the AC voltage generated by the commercial 
power source 20, is induced to the secondary winding 
1 1 B. Consequently, a voltage to be generated to the AC 
input/output terminal ACIO of the synchronous power 
source S becomes higher. 

[0050] In contrast let it be assumed that an instanta- 
neous value of the AC voltage generated by the com- 
mercial power source 20 becomes lower than an instan- 
taneous value of the voltage of the connection point of 
the AC input/output terminal AC IO and the current trans- 
former 11. At this instant, the voltage to be applied to 
the synchronous input terminal SYNC1 becomes lower 
than the AC voltage generated by the commercial power 
source 20 due to an electromotive force induced to the 
secondary winding 11 B. Consequently, a voltage to be 
generated to the AC input/output terminal ACIO be- 
comes lower. 

[0051] By continuously performing those operations, 
an instantaneous value of the voltage of the connection 
point of the AC input/output terminal ACIO of the syn- 
chronous power source S and the current transformer 
1 1 becomes substantially the same as an instantaneous 
value of the AC voltage generated by the commercial 
power source 20, and a current substantially ceases to 
flow through the primary winding 11 A. That is, it is so 
regulated that a current does not flow between the com- 
mercial power source 20 and the load 30. Therefore, 
even if an external power source such as a private elec- 
tricity generator, etc. is connected to the load 30 in par- 
allel, a reverse power flow does not substantially occur 
from this power source to the commercial power source 
20. 

[0052] The structure of the current regulator 1 0 is not 
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limited to the above-described one. 
[0053] For example, the current regulator 10 may 
have a structure shown in FIG. 2. That is, the synchro- 
nous power source S may comprise a bidirectional in- 
verter 1 2, a secondary battery 1 3, and a battery voltage 
monitor circuit 14. 

[0054] The bidirectional inverter 12 comprises a DC 
(direct current) input/output terminal DCIO, a control in- 
put terminal CIN, a synchronous input terminal which 
constitutes the synchronous input terminal SYNC1 of 
the synchronous power source S, an AC input/output 
terminal which constitutes the AC input/output terminal 
ACIO of the synchronous power source S, and a ground 
terminal which constitutes the ground terminal GND of 
the synchronous power source S. 
[0055] The DC Input/output terminal DCIO is connect- 
ed to both of an anode and cathode of the secondary 
battery 13. The control input terminal CIN is connected 
to a later-described control output terminal COUT1 of 
the battery voltage monitor circuit 14. 
[0056] The bidirectional inverter 12 generates to the 
AC input/output terminal ACIO, a voltage having an in- 
stantaneous value substantially the same as an instan- 
taneous value of a voltage which is applied to the syn- 
chronous Input terminal SYNC1 . Then, in a case where 
a power flow flows out from the AC input/output terminal 
ACIO to the outside of the bidirectional inverter 12, the 
bidirectional inverter 12 supplies electricity from the sec- 
ondary battery 13 to the AC input/output terminal ACIO 
via the DC input/output terminal DCIO. On the other 
hand, in a case where a power flow flows in from the 
outside of the bidirectional inverter 12 to the AC input/ 
output terminal ACIO, the bidirectional inverter 12 rec- 
tifies the current flowing in to the AC input/output termi- 
nal ACIO. Then, the bidirectional inverter 12 supplies a 
direct current obtained by the rectification to the second- 
ary battery 13 via the DC input/output terminal DCIO. 
Thus, the secondary battery 13 is charged. 
[0057] When a predetermined operation stop signal 
is supplied to the control input terminal CIN, the bidirec- 
tional inverter 12 substantially cuts off the AC input/out- 
put terminal ACIO. In other words, the bidirectional in- 
verter 12 controls the input impedance and output im- 
pedance of the AC input/output terminal ACIO to be in- 
finitely great. That is, when an operation stop signal is 
supplied to the control input terminal CIN, the bidirec- 
tional inverter 12 substantially stops operating. 
[0058] The bidirectional inverter 12 may have a func- 
tion for substantially cutting off the AC input/output ter- 
minal ACIO when a magnitude of a current flowing 
through the AC input/output terminal ACIO or the DC 
input/output terminal DCIO exceeds a predetermined 
rated value. 

[0059] The battery voltage monitor circuit 1 4 compris- 
es a pair of input terminals REF 1 . and the control output 
terminal COUT1 . The pair of input terminals REF 1 are 
connected to different one of the anode and cathode of 
the secondary battery 13. The control output terminal 



COUT1 is connected to the control input terminal CIN 
of the bidirectional inverter 12. 

[0060] The battery voltage monitor circuit 14 deter- 
mines whether a voltage between the both terminals of 

5 the secondary battery 1 3 (that is, a voltage between the 
input terminals REF 1) is too high a voltage that exceeds 
a predetermined value or too low a voltage. Then, when 
determining that the voltage is either too high a voltage 
or too low a voltage, the battery voltage monitor circuit 

10 14 supplies the above-mentioned operation stop signal 
from the control output terminal COUT1 to the control 
input terminal CIN of the bidirectional inverter 12. 
[0061] The current regulator 1 0 may comprise a relay 
RY1 , a timer circuit 15, and a resistor R2, as shown in 

15 FIG. 2. 

[0062] The relay RY1 comprises a current path and a 
control input terminal. One terminal of the current path 
of the relay RY1 is connected to the synchronous input 
terminal SYNC 1 of the synchronous power source S 

20 via the resistor R2. The other terminal of the current path 
of the relay RY1 is grounded. The control input terminal 
of the relay RY1 is connected to a later-described con- 
trol output terminal COUT2 of the timer circuit 15. 
[0063] The relay RY1 turns on the current path thereof 

25 when a control signal is supplied to the control input ter- 
minal thereof, and substantially cuts off the current path 
thereof when the supply of the control signal is stopped. 
[0064] The timer circuit 1 5 comprises the control out- 
put terminal COUT2. The control output terminal 

30 COUT2 is connected to the control input terminal of the 
relay RY1 , as described above. 

[0065] The timer circuit 15 repeatedly determines 
whether or not a predetermined time zone has come. 
Then, in a case where determining that the predeter- 

35 mined time zone has come, the timer circuit 1 5 supplies 
a control signal to the control input terminal of the relay 
RY1 from the control output terminal COUT2, sothatthe 
current path of the relay RY1 is turned on. And in a case 
where determining that the current time is not included 

40 in the time zone, the timer circuit 1 5 stops supplying the 
control signal, so that the current path of the relay RY1 
is cut off. 

[0066] In the structure shown in FIG. 2, when electric- 
ity is to be supplied from the synchronous power source 

45 s, this electricity is supplied from the secondary battery 
1 3 via the bidirectional inverter 12. And in a case where 
a power flow flows in to the synchronous power source 
S from an external power source which is connected to 
the load 30 in parallel or from the commercial power 

50 source 20 via the AC input/output terminal ACIO for ex- 
ample, energy corresponding to this power flow is stored 
in the secondary battery 13. 

[0067] Further, in the structure shown in FIG. 2, when 
a predetermined time zone (for example, this may be a 
55 time zone where midnight power rates are applied) 
comes, the current path of the relay RY1 is turned on. 
As a result, the amplitude of an AC voltage to be applied 
to the synchronous input terminal SYNC1 of the syn- 
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chronous power source S becomes lower. In response 
to this, the amplitude of an AC voltage to be generated 
to the AC input/output terminal ACIO also becomes low- 
er, thereby a power flow flows in to the synchronous 
power source S from the AC input/output terminal ACIO. 
Thus, the secondary battery 13 is charged. 
[0068] Further, the current regulator 10 may have a 
structure shown in FIG. 3. That is, in addition to the 
structure shown in FIG. 2, the current regulator 1 0 may 
further comprise a synchronous oscillator 16, a power 
failure detection circuit 1 7, and a relay RY2. And as 
shown in FIG. 3, the current regulator 10 may be con- 
nected to an essential load 31 that needs to be driven 
even in a case where a power failure occurs in the com- 
mercial power source 20. 

[0069] The synchronous oscillator 16 comprises a 
synchronous input terminal SYNC2 and an output ter- 
minal OSCOUT. The synchronous input terminal 
SYNC2 of the synchronous oscillator 1 6 is connected to 
the connection point of the commercial power source 20 
and the current transformer 11 . The terminal out of the 
both terminals of the secondary winding 11 B that was, 
in FIG. 2, connected to the connection point of the com- 
mercial power source 20 and the primary winding 11 A, 
is, instead of this connection point, connected to the put- 
put terminal OSCOUT of the synchronous oscillator 1 6. 
[0070] The synchronous oscillator 1 6 outputs from the 
output terminal OSCOUT, an AC voltage having a fixed 
amplitude (hereinafter, this amplitude is referred to as a 
reference amplitude) and also having substantially the 
same phase as that of an AC voltage which is applied 
to the synchronous input terminal SYNC2. It should be 
noted that the synchronous oscillator 16 does not sub- 
stantially consume electricity supplied to the synchro- 
nous input terminal SYNC2. The value of the reference 
amplitude is within a range of possible values that the 
amplitude of an AC voltage generated by the commer- 
cial power source 20 under normal operation can take. 
[0071] Once the synchronous oscillator 1 6 starts out- 
putting an AC voltage from the output terminal OS- 
COUT, it continues outputting an AC voltage having the 
reference amplitude with keeping the same phase from 
the output terminal OSCOUT, even if application of an 
AC voltage to the synchronous input terminal SYNC2 is 
stopped after the start of outputting. 
[0072] The relay RY2 comprises a current path and a 
control input terminal. The AC input/output terminal 
ACIO of the synchronous power source S is connected 
to one terminal of the current path of the relay RY2, in- 
stead of being connected to the connection point of the 
current transformer 11 and the load 30. The other termi- 
nal of the current path of the relay RY2 is connected to 
this connection point. The control input terminal of the 
relay RY2 is connected to a later-described control out- 
put terminal COUT3 of the powerfailure detection circuit 
17. 

[0073] The relay RY2 substantially cuts off the current 
path thereof when a control signal is supplied to the con- 



trol input terminal thereof. On the other hand, when the 
supply of the control signal is stopped, the relay RY2 
turns on the current path thereof. 
[0074] The power failure detection circuit 1 7 compris- 
5 es a reference terminal REF2 and a control output ter- 
minal COUT3. The reference terminal REF2 is connect- 
ed to the connection point of the current transformer 11 
and the load 30. The control output terminal COUT3 is 
connected to the control input terminal of the relay RY2, 

w as described above. 

[0075] The power failure detection circuit 17 deter- 
mines whether or not a power failure occurs in the com- 
mercial power source 20 based on a voltage applied to 
the reference terminal REF2. When determining that a 

is power failure occurs, the power failure detection circuit 
1 7 supplies a control signal to the control input terminal 
of the relay RY2 from the control output terminal 
COUT3, so that the current path of the relay RY2 is cut 
off. On the other hand, when determining that no power 

20 failure occurs, the power failure detection circuit 17 
stops supply of the control signal, so that the current 
path of the relay RY2 is turned on. 
[0076] One of both terminals of the essential load 31 
is connected to the AC input/output terminal ACIO of the 

25 synchronous power source S, and the other terminal is 
grounded. 

[0077] In the structure shown in FIG. 3, when a power 
failure occurs in the commercial power source 20, the 
AC input/output terminal ACIO of the synchronous pow- 

30 er source S is electrically disconnected from both of the 
commercial power source 20 and the load 30. On the 
other hand, even after the power failure occurs in the 
commercial power source 20, an AC voltage having the 
reference voltage and substantially the same phase as 

35 that of the AC voltage which has been generated by the 
commercial power source 20 by the time the power fail- 
ure occurs, is applied to the synchronous input terminal 
SYNC1 of the synchronous power source S. Because 
of this, an AC voltage having the reference voltage and 

40 substantially the same phase as that of the AC voltage 
generated by the commercial power source 20 is gen- 
erated to the AC input/output terminal ACIO. 
[0078] Thus, the structure shown in FIG. 3 functions 
as an uninterruptible power supply that keeps supply of 

45 electricity to the essential load 31 from the synchronous 
power source S, in spite of the powerfailure occurring 
in the commercial power source 20. 
[0079] Further, the current regulator 10 may have a 
structure shown in FIG. 4. That is, the synchronous pow- 

50 er source S may comprise a DC power source 1 8 which 
generates a DC voltage, in addition to the structure 
shown in FIG. 2 (or in FIG. 3). 

[0080] The DC power source 1 8 comprises, for exam- 
ple, a solar battery, a wind power generator and a rec- 
55 tifier, etc. and comprises an anode and a cathode. The 
anode of the DC power source 18 is connected to the 
anode of the secondary battery 1 3, while the cathode of 
the DC power source 18 is connected to the cathode of 
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the secondary battery 13. 

[0081] In the structure shown in FIG. 4, the secondary 
battery 13 is charged with DC electricity generated by 
the DC power source 18. 

[0082] The present invention is not limited to the 
above-described embodiments, but can be modified 
and applied in various ways. 

[0083] As described above, according to the present 
invention, a current regulator and a current regulation 
method capable of preventing occurrence of a reverse 
power flow with a simple structure can be realized. 
[0084] Further, according to the present invention, a 
current regulator and a current regulation method for ef- 
ficiently supplying electricity to a load can be realized. 
[0085] The patent application claims the Paris Con- 
vention Priority based on Japanese Patent Application 
No. 2000-295784 filed with the Japan Patent Office on 
September 28, 2000, the complete disclosure of which 
is hereby incorporated by reference. 



Claims 

1 . A current regulator comprising: 

a current detection circuit (11) which detects a 
direction and a magnitude of a current flowing 
between an external alternating current power 
source and an external load; and 
a correction voltage application circuit (S, 11, 
16) which generates a correction voltage hav- 
ing a value for lowering the current detected by 
said current detection circuit, and applies the 
correction voltage between both terminals of a 
current path including said load. 

2. The current regulator according to claim 1 , wherein: 

said current detection circuit comprises a circuit 
(1 1 B) which generates a detection voltage hav- 
ing a polarity and magnitude which represent 
the direction and voltage of the detected cur- 
rent, and 

said correction voltage application circuit com- 
prises: 

a correction alternating current voltage 
generation circuit (12, 16) which obtains a 
correction alternating current voltage hav- 
ing a phase substantially equal to that of 
an alternating current voltage generated by 
said alternating current power source; and 
a correction voltage generation circuit 
(11 B, 12) which superimposes the correc- 
tion alternating current voltage and the de- 
tection voltage, and generates the correc- 
tion voltage having a value determined by 
a voltage obtained by the superimposing, 



by converting a correction electricity sup- 
plied by a correction power source which 
does not substantially consume an elec- 
tricity supplied by said alternating current 
5 power source. 

3. The current regulator according to claim 2, wherein: 

said correction power source comprises a see- 
to ondary battery (13); and 

said correction voltage application circuit com- 
prises a circuit (12) which rectifies an electricity 
caused by a power flow when the power flow 
flows in from outside to a node which generates 
15 the correction voltage, and charges said sec- 

ondary battery with a direct current electricity 
obtained by the rectifying. 

4. The current regulator according to claim 3, compris- 
20 ing 

a charge forcing circuit (R1 , R2, RY1, 15) 
which lowers the correction voltage by dividing the 
voltage obtained by superimposing the correction 
alternating current voltage and the detection volt- 
es age, and forces a power flow to flow in from outside 
to said node which generates the correction volt- 
age. 

5. The current regulator according to claim 4, wherein 
30 said charge forcing circuit comprises: 

a control circuit (15) which determines whether 
or not a predetermined condition has come, 
and when determining that the condition has 

35 come, outputs a signal for notifying that charg- 

ing will be performed; and 
a voltage dividing circuit (R1 , R2, RY1) which 
obtains the signal output by said control circuit, 
and in response to the signal, divides the volt- 

40 age obtained by superimposing the correction 

alternating current voltage and the detection 
voltage. 

6. The current regulator according to claim 3, compris- 
es ing 

a power failure monitor circuit (1 7, RY2) which 
determines whether or not a power failure occurs in 
said alternating current power source, and when 
determining that a powerfailure occurs, cuts off said 
50 node which generates the correction voltage from 

said load and said alternating current powersource. 

7. The current regulator according to claim 6, wherein 

said power failure monitor circuit comprises: 

55 

a determination circuit (17) which determines 
whether or not a power failure occurs in said 
alternating current power source based on a 
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voltage of a connection point of said load and 
said current detection circuit, and when deter- 
mining that a power failure occurs, outputs a 
signal for notifying the power failure; and 
a current path (RY2) which obtains the signal 5 
output by said determination circuit, and in re- 
sponse to the signal, cuts off said node which 
generates the correction voltage from said load 
and said alternating current power source. 

10 

8. The current regulator according to claim 3, compris- 
ing: 

a circuit (18) which generates a direct current 
electricity by generating an electricity, and 15 
charges said secondary battery with the direct 
current electricity. 

9. The current regulator according to claim 2, wherein: 

20 

said correction alternating current voltage gen- 
eration circuit generates the correction alter- 
nating current voltage without substantially 
consuming an electricity supplied by said alter- 
nating current power source; and 25 
when a power failure occurs in said alternating 
current power source, said correction alternat- 
ing current voltage generation circuit generates 
as the correction alternating current voltage, a 
voltage having a phase substantially equal to 30 
that of an alternating current voltage which has 
been generated by said alternating current 
power source before the power failure occurs. 

10. The current regulator according to claim 1 , wherein 35 

said current detection circuit comprises a 
transformer (1 1 ) which comprises: 

a primary winding (11 A) which is connected be- 
tween said alternating current power source 40 
and said load; and 

a secondary winding (1 1 B) which is inductively 
coupled to said primary winding. 

11. A current regulation method comprising: 45 

detecting (11) a direction and a magnitude of a 
current flowing between an external alternating 
current power source and an external load; and 
generating a correction voltage having a value 50 
for lowering the detected current, and applying 
the correction voltage between both terminals 
of a current path including said load (S, 11, 16). 

12. The current regulation method according to claim 55 
11 , comprising: 

generating (11 B) a detection voltage having a 
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polarity and magnitude which represent the di- 
rection and magnitude of the detected current; 
obtaining (12, 16) a correction alternating cur- 
rent voltage having a phase which is substan- 
tially the same as that of an alternating current 
voltage generated by said alternating current 
power source; and 

superimposing the correction alternating cur- 
rent voltage and the detection voltage, and gen- 
erating the correction voltage having a value 
determined by a voltage obtained by said su- 
perimposing, by converting a correction elec- 
tricity supplied by a correction power source 
which does not substantially consume an elec- 
tricity supplied by said alternating current pow- 
er source (11B, 12). 

13. The current regulation method according to claim 

12, wherein 

said correction power source is supplied from 
a secondary battery (13), and 

said method comprises rectifying an electric- 
ity caused by a power flow when the power flow 
flows in from outside to a node which generates the 
correction voltage, and charging said secondary 
battery with a direct current electricity obtained by 
said rectifying (12). 

14. The current regulation method according to claim 

13, comprising 

lowering the correction voltage by dividing the 
voltage obtained by superimposing the correction 
alternating current voltage and the detection volt- 
age, and forcing a powerflow to flow in from outside 
to said node which generates the correction voltage 
(R1, R2, RY1, 15). 

15. The current regulation method according to claim 

14, comprising: 

determining whether or not a predetermined 
condition has come, and when determining that 
the condition has come, outputting a signal for 
notifying that charging will be performed (15); 
and 

obtaining the signal for notifying that charging 
will be performed, and in response to the signal, 
dividing the voltage obtained by superimposing 
the correction alternating current voltage and 
the detection voltage (R1 , R2, RY1). 

16. The current regulation method according to claim 
13, comprising 

determining whether or not a power failure oc- 
curs in said alternating current power source, and 
when determining that a power failure occurs, cut- 
ting off said node which generates the correction 
voltage from said load and said alternating current 
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power source (17, RY2). 

17. The current regulation method according to claim 
16, comprising: 

5 

determining whether or not a power failure oc- 
curs in said alternating current power source 
based on a voltage of a connection point of said 
load and said current detection circuit, and 
when determining that a power flow occurs, 10 
outputting a signal for notifying the power fail- 
ure (17); and 

obtaining the signal for notifying the power fail- 
ure, and in response to the signal, cutting off 
said node which generates the correction volt- 15 
age from said load and said alternating current 
power source (RY2). 

18. The current regulation method according to claim 

13, comprising 20 

generating a direct current electricity by gen- 
erating an electricity, and charging said secondary 
battery with the direct current electricity (18). 

19. The current regulation method according to claim 25 
12, comprising: 

generating the correction alternating current 
voltage without substantially consuming an 
electricity supplied by said alternating current 30 
power source; and 

when a power failure occurs in said alternating 
current power source, generating as the correc- 
tion alternating current voltage, a voltage hav- 
ing a phase substantially equal to that of an al- 35 
temating current voltage which has been gen- 
erated by said alternating current power source 
before the power source occurs. 

20. The current regulation method according to claim *o 
11 , wherein 

said detecting a direction and a magnitude of 
a current flowing between said alternating current 
power source and said load is performed based on 
a signal which is generated by a secondary winding 45 
(1 1 B) included in a transformer (1 1 ) which compris- 
es a primary winding (11 A) which is connected be- 
tween said alternating current power source and 
said load, and said secondary winding which is in- 
ductively coupled to said primary winding. so 
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